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Drinking water distribution networks risk exposure to malicious or accidental contamination. 
Several levels of responses are conceivable. One of them consists of installing a sensor network 
to monitor the system in real time. Once a contamination has been detected, it is also important 
to take appropriate counter-measures. The SMaRT-OnlineWDN project relies on modeling to 
predict both the hydraulics and water quality. An online model use makes identification of the 
contaminant source and simulation of the contaminated area possible. The objective of this 
paper is to present SMaRT-OnlineWDN experience and research results for hydraulic state 
estimations with sampling frequency of a few minutes. A least squares problem with bound 
constraints is formulated to adjust the demand class coefficient to best fit the observed values at 
a given time. The criterion is a Huber function to limit the influence of outliers. A Tikhonov 
regularization is introduced for consideration of prior information in the parameter vector. Then 
the Levenberg-Marquardt algorithm is applied that uses derivative information for limiting the 
number of iterations. Confidence intervals for the state prediction are also given. The results are 
presented and discussed on real networks in France and Germany. 
 
STATE OF THE ART 
 
Network parameters that are used in the hydraulic and transport models are often rough 
estimates. This is mainly because the distribution network is buried underground since a long 
time and the consumption at any time and location is random. The measurement values 
(pressure, flow, tank levels, concentration, conductivity, etc.) may be used to calibrate the 
parameters of both the hydraulic and the transport models, and to estimate the unknown state of 
the network. Given a set of network measurements, is it possible to derive all water quality and 
quantity unknowns of the network? Carpentier and Cohen [1] defined the observability problem 
as the one of determining whether the available set of measurements provides sufficient 
information for the state estimation. They define two levels of observability (topological, which 
may be assessed with graph theory, and algebraic, by means of analyzing the sensitivity 
matrix). The quality of the estimation of these parameters, which drives the quality of the 
predictions, depends on the position, number and nature of the measurements. This choice must 
ensure the observability of the network but also prevents small errors in measurement resulting 
in incorrect estimations of the parameters [2]. 
Several fitness functions may be selected for the parameter calibration. For a review of 
them, application of hydraulic modeling and suggestion of additional fitness functions and 
entropy-based criteria one may consult de Schaetzen [3] or still Savic et al. [4]. A least-squares 
formulation that minimizes the deviations between some predicted values and corresponding 
observations is a standard approach for overdetermined systems. Its weighted form has the 
advantage of dealing with errors in observations. When the latter ones come from exponential 
family distribution (e.g., the Gaussian) the weighted least-squares (WLS) minimization problem 
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where x is the vector of parameters to determine; y(x,t) is the hydraulic and transport state that 
is implicitly defined by the hydraulic and transport equations; S is the selection matrix to select 
the state vector components that corresponds to the measurements; ymes is the vector of 
measurements; and W is a diagonal weight matrix. Most authors have considered a simpler 
form of (WLS) without the time dependency, for example Kapelan et al. [5] or, with a 
quadrature formula for the integral, Piller [6]. 
Preis et al. [7] use the Huber function to modify the least-squares criterion Eq. (1) for large 
residuals to be least absolute deviations (L1 norm). This way the parameter estimation is more 
robust against outliers. More efficient solving methods are gradient type methods that use 
derivatives of the criterion; for example, [6] applies the Levenberg-Marquardt (LM) method for 
solving WLS calibration problems for water distribution networks. However, as the criterion 
may exhibit several local minima (and maxima) a genetic algorithm (GA) was preferred for the 
first iteration steps in a hybrid GA/LM approach, see Kapelan [5]. In that situation, Piller et al. 
[8] propose to convexify the LS criterion with addition of a Tikhonov regularization term that 




In the SMaRT-OnlineWDN project we applied calibration state-of-the-art for real-time demand 
calibration of large-size networks in France and in Germany with hydraulic and water quality 
models from Porteau software [9] and Sir 3S software [10]. A constrained Least-squares 
problem is solved with a projected Levenberg-Marquardt method. The criterion consists of two 
terms, a Hubert function of the residuals and a Tikhonov regularization term, for 
convexification of the problem. The main novelty here is that we got online “reliable” models 
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